Dynamical mass generation in supersymmetric QED3 by Koopmans, M. & Steringa, Jarig J.
  
 University of Groningen
Dynamical mass generation in supersymmetric QED3





IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1989
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Koopmans, M., & Steringa, J. J. (1989). Dynamical mass generation in supersymmetric QED3. Physics
Letters B, 226(3-4), 309-312. https://doi.org/10.1016/0370-2693(89)91200-8
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
V01ume 226, num6er 3,4 PHY51C5 LE77ER5 8 10 Au9u5t 1989 
DYNAM1CAL MA55 6ENERA710N 1N 5UPER5YMME7R1C QED3 
Marjan K00PMAN5 and Jar19 J. 57ER1N6A 
1n5t11ute f0r 7he0ret1ca1 Phy51c5, P. 0. 80x 800, NL-9700 A V 6r0n1n9en, 7he Nether1and5 
Rece1ved 26 Apr11 1989 
we 1nve5t19ate th  p055161111y 0f dynam1ca19enerat10n 0fa ma55 f0r the matter f1e1d51n 5uper5ymmetr1c QED3 w1th Nf1av0ur5. 
we c0nc1ude that ma55 9enerat10n ccur5 when the num6er 0f matter f1av0ur5 151e55 than the cr111ca1 va1ue A~ = 3.24.7he ffect 
0f 5uper5ymmetry 15 that a p0tent1a11y dan9er0u5 c0ntr16ut10n t0 the wave-funct10n ren0rma112at10n, wh1ch may 5p011 a51m11ar 
ana1y5151n QED3, 15 cance11ed. 
Dynam1ca1 9enerat10n 0f ma55e5 f0r the matter 
f1e1d5 1n 5uper5ymmetr1c 9au9e the0r1e5 15 a 5u6ject 
0f c0n51dera61e ntere5t. 1t ha5 6een 5h0wn [ 1 ] that 
1n f0ur d1men510na1 5uper5ymmetr1c QED (5QED4) 
dynam1ca1 ma55 9enerat10n d0e5 n01 0ccur, due t0 the 
ex15tence 0f a n0n-pertur6at1ve r510n 0f a ma55 re- 
n0rma112at10n the0rem. 1n 5uper5ymmetr1c QED 1n 
three d1men510n5 (5QED3), h0wever, 5uch a n0n-re- 
n0rma112at10n the0rem d0e5 n01 ex15t 1f the m0de1 
c0nta1n5 0n1y 0ne tw0-c0mp0nent 5uper5ymmetry 
parameter (n= 1 ). 11 15 theref0re 1ntere5t1n9 t0 5tudy 
ma55 9enerat10n 1n th15 m0de1 and t0 c0mpare the re- 
5u115 w1th 5QED4 and n0n-5uper5ymmetr1c QED3. 
0ur  ma1n re5u11 5 that 1n n = 1 ma551e55 QED3 the 
matter f1e1d5 ac4u1re a ma55 1f the num6er 0f matter 
f1av0ur5 d0e5 n0t exceed a certa1n cr111ca1 va1ue. 
W1th re5pect t0 dynam1ca1 ma55 9enerat10n 1n n0n- 
5uper5ymmetr1c ma551e55 QED3 a c0ntr0ver5y ha5 ar- 
15en. A 5tudy 6y Appe14u15t et a1. [2] revea1ed that 
the ferm10n5 rema1n ma551e55 1fthere are m0re than 
three f0ur-c0mp0nent ferm10n f1av0ur5. 7he ap- 
pr0ach 0f ref. [ 2 ] wa5 cr111c12ed 6y Penn1n9t0n et a1. 
[3]. 7here 1t wa5 f0und that f0r any num6er N 0f 
f1av0ur5 the ferm10n5 ac4u1re a ma55. 7he d15a9ree- 
ment can 6e traced 6ack t0 a n0n-un1f0rm1ty 1n the 
1/N-expan510n 0f the e1ectr0n pr0Pa9at0r wave- 
funct10n ren0rma112at10n. 7h15 065ervat10n 15 a150 
1mp0rtant f0r the 5tudy 0f a 5uper5ymmetr1c ver510n 
0f QED3. 8ef0re addre551n9 the 5uper5ymmetr1c 
m0de1 exp11c1t1y, we f1r5t 5ummar12e the rea50n1n9 0f 
ref5. [2,3]. 70 5tay 1n c0ntact w1th 0ur n= 1 5uper- 
5ymmetr1c m0de1, we u5e a tw0-d1men510na1 repre- 
5entat10n f0r the •-matr1ce5 1n5tead 0f the f0ur-d1- 
men510na1 0ne 0fref5. [2,3 ]. 
1n ref. [2] the dynam1ca1 ma55 0f the  ferm10n5 15 
determ1ned fr0m the Dy50n-5chw1n9er 4uat10n f0r 
the e1ectr0n pr0pa9at0r. 1n th15 e4uat10n, the fu11 
e1ectr0n-ph0t0n vertex 15 appr0x1mated 6y 1t5 6are 
va1ue, wh11e 1n the fu11 ph010n pr0pa9at0r 0ne-100p 
4uantum c0rrect10n5 are taken 1nt0 acc0unt. W1th 
the5e appr0x1mat10n5, the Dy50n-5chw1n9er 4ua- 
t10n 15 5t111 exact t0 0rder 1/N 1n the 1/N-expan510n. 
1n the Landau 9au9e the ph010n pr0pa9at0r then read5 
D, , , (k )  = -- ~5~ 91,~ 1 +c/ , , / - /~k 2 • ( 1 ) 
where we have 1ntr0duced c= e2N/16 ,  wh1ch 15 c0n- 
5tant 1n the 1/N-expan510n. 7he fu11 e1ectr0n pr0pa- 
9at0r can 6e expre55ed 1n term5 0f the tw0 5ca1ar 
funct10n5 0~(p) and f1(p): 
5(p)= ~f1(P)+°~(P) 
p2f12(p) ~0~2(p) • (2) 
7he Dy50n-5chw1n9er 4uat10n can 6e rewr111en a5 
a 5et 0f c0up1ed e4uat10n5 f0r c~ and f1. After an9u1ar 
1nte9rat10n the W1ck-r0tated e4uat10n5 read 
0~(p~1 
0e(p)=2C dp• K(p ,p~)p ,2 f12(p , )+0~2(p , ) ,  
0 
(3a) 
0370-2693/89/$ 03.50 • E15ev1er 5c1ence Pu6115her5 8.V. 
( N0rth-H011and Phy51c5 Pu6115h1n9 D1v1510n ) 
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2c f L • p,2f1(p,) 
f1 (p)=1-8-  ~ Jd0~ (p,p)p,2f12(p,)+0L2(p,),  
0 
(36) 
where 2 = 16 / n 2N. 7he kerne15 K and L are 
p• 
K(p, p• ) = P 109 c+p+p• (4a) 
c+1P-P•1• 
L(p,p•)=2(1 c2+1p•2-p21)cp> 
c 2 c+p+p• 
+ - -  109 pp• c+ ]p-p•( 
(p2•p,2)2 1+c(p+p,)-~ 
109 ( 46 ) c2pp • 1 +c1p-p~1-1 •
where p~ =max(p,  p• ). 70 06ta1n the ma55 funct10n 
m(p) =a(p)/f1(p) t0 0rder 2, Appe14u15t et a1. 19- 
n0re wave-funct10n ren0rma112at10n, 1.e. they 5et 
f1(p) ~- 1. Ana1y515 0fthe rema1n1n9 e4uat10n f0r c~ (p) 
[ 2, 3 ] 5h0w5 that there 15 a cr1t1ca1 va1ue 2.~ = 1 /4 (1.e., 
Nc=64/n2~-6.48). F0r N<Nc the ferm10n5 ac4u1re 
a ma55, wh11e f0r N> N,. they rema1n ma551e55. Here 
N 15 the num6er •tw0-c0mp0nent ferm10n f1av0ur5, 
wh1ch e4ua15 tw1ce the num6er 0f f0ur-c0mp0nent 
f1av0ur5 0f ref. [ 2 ]. 
7he cr1t1c15m 1n ref. [ 3 ] 15 f0cu55ed 0n the appr0x- 
1mat10n f1(p) - 1.7h15 a55umpt10n may n0t 6e c0n- 
515tent, 51nce the 1/N-expan510n 0f f1(p) 15 n0t un1- 
f0rm w1th re5pect 0 p. Numer1ca1 ana1y515 0f the 
c0m61ned e4uat10n5 f0r a (p )  and f1(p) [3] revea15 
that f1 15 0f 0rder ). 1n5tead 0f 0rder 1 f0r 5ma11 p2. 
7h15 15 a c0n5e4uence 0f the fact that part 0f the 1n- 
te9ra1 1n (36) 15 n0t 0f 0rder 1 f0r 5ma11 p2 6ut 0f 
0rder 1/2. 
70 6e c0n515tent w1th the Ward 1dent1ty f0r the 
e1ectr0n-ph0t0n vertex, 1n ref. [ 3 ] the 6are vertex 15 
mu1t1p11ed 6y a fact0r f1(p~). W1th th15 an5at2, e4. 
(36) take5 the f0rm 
- -1  p,2 f1(p)=1-- 8p 22c dp, L (p ,p , )p ,2+m2(p, )  . (5) 
0 
7he 1nte9ra11n ( 5 ) can 6e d0ne exp11c1t1y f m (p•) 15 
rep1aced 6y m (0), 7he re910n50 <p• < p and p < p• < 
00 can 6e treated 5eparate1y. Expand1n9 the 109a- 
r1thm51n term50fp• / (p+ c) (1fp• <p) 0r p/(p• + c) 
(1fp• >p),  we 5ee that cance11at10n50ccur wh1ch re- 
m0ve a1m05t a11 c0ntr16ut10n5 that d1ver9e f0r 5ma11 
p2. 0n1y 0ne term rema1n5 that p0tent1a11y can 6e- 
c0me 0f 0rder 1/2 f0r 5ma11 p2. F0r p << c 0ne 06ta1n5 
f1(P) = 1 +-~2109[p2 + m2(0) ] + .... (6) 
where the 0m1tted term5 are 0f 0rder 2 un1f0rm1y f0r 
a11 p2.7he numer1ca1 re5u1t5 [ 3 ] 1nd1cate that 
m(0) =exp( -3 /2 ) .  (7) 
7hu5 f0r 5ma11 p2 the term 0f0rder 1 1n (6) 15 1ndeed 
cance11ed. [ F0r 1ar9e p2, the appr0x1mat10n f1(p) = 1 
15 5t111 appr0pr1ate. ] 7he 6ehav10ur ( 7 ) 0fm (0) 5u9- 
9e5t5 that f0r any (f1n1te) va1ue 0 fNa  n0n-2er0 ma55 
ex15t5, 1n c0ntrad15t1nct10n t0 the re5u1t 0fAppe14u15t 
et a1. 
1n th15 1etter we w111 n0t attempt 0 re501ve th15 
c0ntr0ver5y 1n QED3.1n5tead, we c0ncentrate 0n the 
5uper5ymmetr1c exten510n 0f QED3, 1n wh1ch we 5ha11 
5h0w that the 1/N-expan510n ff1 cau5e5 n0 pr061em5. 
1n n= 1 5uper5ymmetr1c QED3 (5QED3), N mat- 
ter mu1t1p1et5, each c0n515t1n9 0fa c0mp1ex 5ca1ar f1e1d 
0, a D1rac 5p1n0r 4/and a c0mp1ex aux111ary f1e1d 6, 
1nteract w1th a 9au9e mu1t1p1et that c0n515t5 0fa ph0- 
t0n f1e1d A, and a ph0t1n0 f1e1d 2. 7he 1a9ran91an 
den51ty 15 
~= - ~F~,.F~" +~12~2+ (D.~)* (D~)  +6*6 
+ 19tD 4/- 1e( ~u29~- 2#~0* ), ( 8 ) 
where D,=0,+1eA,  15 the 9au9e c0var1ant der1va- 
t1ve. We add t0 (8) a 9au9e f1x1n9 term - (1 /  
2a) (~,e4") 2, 1n wh1ch we take a--.0 (Landau 9au9e). 
the act10n c0rre5p0nd1n9 t0 (8) 151nvar1ant under 
the 5uper5ymmetry an5f0rmat10n5 parametr12ed 6y
the tw0-c0mp0nent Maj0rana 5p1n0r e: 
650=~/ ,  (9a) 
65~= - (100+ 6)~ , (96) 
656=1e1~u, (9c) 
65A, = 1~-7,2 , (9d) 
652= ~7,7,eF~". (9e) 
the 1a9ran91an den51ty (8) 15 a1501nvar1ant under the 
a6e11an 9au9e tran5f0rmat10n5 
6~A, = ~),A , (10a) 
6(;~,= -1eA~,, (106) 
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~= -1eA~. (10c) 
7he ph0t1n0 f1e1d 2 15 9au9e 1nvar1ant. 
70 5tudy dynam1ca1 ma55 9enerat10n f0r the matter 
f1e1d5, we f0110w the meth0d 0f ref5. [2,3 ]. 1n the 5u- 
per5ymmetr1c m0de1, 1n pr1nc1p1e we have t0 deter- 
m1ne 60th the e1ectr0n pr0pa9at0r and the 5ca1ar 
pr0pa9at0r. F0rtunate1y, 6ecau5e 5uper5ymmetry 15 
n0t 6r0ken 1n th15 m0de1 [4 ], 60th pr0pa9at0r5 are 
re1ated and 1t 5uff1ce5 t0 501ve the Dy50n-5chw1n9er 
e4uat10n5 f0r 0ne 0f th05e pr0pa9at0r5. 7he 0ther 
pr0pa9at0r 15 then determ1ned 6y 5uper5ymmetry. 70 
6e 5pec1f1c, 0n51der the 9enera1 f0rm (2) 0fthe e1ec- 
tr0n pr0pa9at0r. Fr0m L0rent2 1nvar1ance and 5u- 
per5ymmetry 0fthe vacuum we 06ta1n the 5uper5ym- 
metry Ward 1dent1ty 
(01f15(~(x,)9~(x2)) 10 =0.  (1 1) 
U51n9 (2) and (9) we can der1ve fr0m ( 1 1 ) the 9en- 
era1 f0rm 0fthe 5ca1ar pr0Pa9at0r: 
f1(P) (12) A(p) = p2f12(p)~0~2(p) • 
80th (2) and (12) have the wave-funct10n ren0r- 
2 ma112at10n fact0r 1/f1(p), and a p01e at p =m~(p). 
We w111 u5e the f0rm (12) 1n the der1vat10n 0f the 
e4uat10n5 f0r c~ (p) and f1(p). 
1n 5QED3, the fu11 e1ectr0n 5e1f-ener9y (5ee f19. 1 ) 
c0n515t5 0f tw0 term5: the u5ua1 0ne due t0 the e1ec- 
tr0ma9net1c nteract10n and 0ne due t0 the Yukawa 
c0up11n9. 70 f1nd c~ (p) and f1(p) we appr0x1mate the 
e1ectr0n Dy50n-5chw1n9er e4uat10n 1n a way ana10- 
90u5 t0 QED3. A9a1n, we rep1ace the fu11 vert1ce5 6y 
f1(p• ) t1me5 the1r 6are va1ue5, 1n acc0rdance w1th the 
U( 1 ) 9au9e Ward 1dent1t1e5. Furtherm0re, a5 1n ref5. 
[ 2,3 ] we 1nc1ude 0ne-100p 4uantum c0rrect10n5 t0 the 
1nver5e 9au9e pr0pa9at0r5. 7he ph0t0n pr0pa9at0r 
p-p• p p• 
/.%+ 
p• p• 
F19. 1. the fu11 e1ectr0n 5e1f-ener9y 1n 5QED3.7he 5011d 11ne rep- 
re5ent5 the e1ectr0n pr0pa9at0r, the da5hed 11ne the 5ca1ar pr0p- 
a9at0r, the w1991y 11ne the ph0t0n pr0pa9at0r and the he11ca111ne 
the ph0t1n0 pr0pa9at0r, the d0t5 repre5ent fu11 4uant1t1e5. 
rece1ve5 c0rrect10n5 fr0m 60th 5p1n0r and 5ca1ar 
f1e1d5, and the re5u1t1n9 vacuum p01ar12at10n 15 pre- 
c15e1y tw1ce that 0f QED3. 7heref0re the ph0t0n 
pr0pa9at0r n0w take5 0n the f0rm 
1 ( k,,k 4 1 
0~(k)=- -k  5 9••" k2 J1+2c/x /~"  (13) 
th15 1mp11e5 that a150 1n the kerne1 L, e4. (46), the 
c0n5tant c mu5t 6e rep1aced 6y 2c everywhere. Fur- 
therm0re, the kerne1 L ac4u1re5 an add1t10na1 c0ntr1- 
6ut10n due t0 the Yukawa c0up11n9.7h15 read5 
p2-p•2+4c2 2c+p• +p 
109 (14) 
pp• 2c+ 1P•-P1 
70 06ta1n (14) 0ne re4u1re5 the f0rm 0f the ph0t1n0 
pr0pa9at0r a.8y 5uper5ymmetry th15 pr0Pa9at0r mu5t 
6e c0rrected 1n the 5ame way a5 the ph0t0n 
pr0Pa9at0r: 
1 
a(k) -  k~ 1 +2c/~4 ~/~.2. (15) 
Add1n9 (14) t0 (46) (w1th c rep1aced 6y 2c), we 06- 
ta1n the c0mp1ete, 5uper5ymmetr1c kerne1 L5: 
~[p2 p,21 p2 p,2 2c+p+p• 
L5 (p, P•) = 109 cp> pp• 2c+ 1P-P•1 
(p2~p,2 ) ~ 109 1 + 2c(p + p• ) - 
4c2pp, 1+2c1P~P,17~. (16) 
Ana1y21n9 e4. (5)f0r f1(p) w1th the kerne1 L5 1n the 
5ame way a5 1n the n0n-5uper5ymmetr1c ca5e, we 5ee 
that the pr061emat1c 109-term 0f (6) 15 n0w a65ent. 
06v10u51y 1t 15 cance11ed 6y a 51m11ar c0ntr16ut10n 
w1th 0pp051te 519n 0r191nat1n9 fr0m the add1t10na1 
kerne1 AL, e4. (14). 7he c0nc1u510n 15 that the ap- 
pr0x1mat10n 8(P) = 1 15 a c0n515tent ch01ce 1n 0rder 
t0 f1nd the ma55 ren0rma112at10n t  0rder 2. 
7hu51n the 5uper5ymmetr1c ca5e the pr061em 15 re- 
duced t0 the ana1y515 0fe4. (3a) f0r c~(p) w1th f1= 1. 
8ecau5e the Yukawa term 15 pr0p0rt10na1 t0 7~,, the 
kerne1 K 0f th15 e4uat10n f0r c~(p) 15 the 5ame a5 1n 
QED3, except hat the c0n5tant c 15 a9a1n rep1aced 6y 
2c (n0te that the c 1n fr0nt 0f the 1nte9ra1 d0e5 n0t 
chan9e). 8y re5ca11n9 the m0mentum var1a61e 1n the 
re5u1t1n9 1nte9ra1 e4uat10n 0ne 5ee5 that the cr1t1ca1 
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va1ue 0fthe c0up11n9 c0n5tant 2 15 tw1ce a51ar9e a51n 
QED3. We c0nc1ude that the 5QED 3 the cr1t1ca1 va1ue 
0f the num6er 0f matter f1av0ur5, 6e10w wh1ch ma55 
9enerat10n 0ccur5, 15 Arc = • -64/7~ 2~ 3.24. 
We have 5h0wn that dynam1ca1 ma55 9enerat10n can 
0ccur 1n n= 1 5uper5ymmetr1c QED3. 0ur  cr1t1ca1 
va1ue 0f 3.24 tw0-c0mp0nent ferm10n f1av0ur5 c0r- 
re5p0nd5 t0 1.62 f0ur-c0mp0nent 0ne5. 7h15 e4ua15 
ha1fthe cr1t1ca1 va1ue f0r 0rd1nary QED3, a5 06ta1ned 
1n ref. [2 ]. W1th a tw0-d1men510na[ repre5entat10n 0f 
the 7-matr1ce5 we d0 n0t d15t1n9u15h 6etween par1ty- 
c0n5erv1n9 and par1ty-v101at1n9 ma55e5 [5 ]. H0w- 
ever, we d0 u5e th15 repre5entat10n, 6ecau5e 1t 15 the 
natura1 ch01ce f0r the n= 1 5uper5ymmetr1c the0ry. 
1n n = 2 5uper5ymmetr1c QED 3 1t 15 kn0wn that dy- 
nam1ca1 ferm10n ma55 9enerat10n d0e5 n0t 0ccur [ 6 ]. 
1n fact, the n = 2 m0de1 c0n51dered 1n ref. [ 6 ] f0110w5 
6y d1men510na1 reduct10n fr0m 5QED4, and we a1- 
ready remarked that ma55 9enerat10n 15a65ent 1n that 
m0de1 [ 1 ]. 
We thank D. Atk1n50n and M. de R00 f0r d15cu5- 
510n5.7h15 re5earch 15 5upp0rted 6y the 5t1cht1n9 v00r 
Fundamentee1 0nder20ek der Mater1e (F0M) .  
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